ABSTRACT: Physical heterogeneity affects the geographic structure of coastal ocean ecosystems by influencing the spatial distribution of zooplankton and their nektonic predators. This was examined in the western Gulf of Alaska (GOA) during late summer (2000, 2001, and 2003) when seasonal increases in the Alaska Coastal Current flow and additions of Age-0 fishes to the nektonic community of small neritic fishes coincided with declining zooplankton abundance. The 48-site sampling grid was divided into 5 meso-scale areas based on physical condition (temperature, salinity, net current velocity). Larval crabs and fishes, and krill were the only zooplankton taxa for which the population density consistently differed by area regardless of diel period (day, night) or year. Larval crabs and fishes concentrated near shore in warm, low-salinity water. Krill concentrated in high-flow areas, which, over the shelf, were associated with sea valleys. Dominant fishes were walleye pollock Theragra chalcogramma, capelin Mallotus villosus, and eulachon Thaleichthys pacificus. Few fish occurred beyond the shelf in the cold, swift-flowing Alaskan Stream boundary current. Over the shelf, Age-1+ walleye pollock and eulachon aggregated with krill in high-flow areas. Smaller fishes (Age-0 walleye pollock and capelin) were more variably distributed, and were not well associated with taxon-specific zooplankton densities. Thus, relatively high flow in proximity to sea valleys was associated with concentrations of krill and fishes that presumably were able to efficiently forage on krill in high-flow areas. The year-to-year consistency in patterns is a noteworthy indication that geographic structure in the coastal GOA ecosystem may resist climate forcing.
INTRODUCTION
Interaction between ocean currents and topography affects the spatial ecology of small neritic fishes within the nektonic community. Best known, perhaps, are the large-scale concentrations of small fishes in upwelling regions of eastern boundary currents (Fréon et al. 2005 , Mann & Lazier 2006 . Elsewhere, large influxes of Atlantic water into the Barents Sea from the west cause northeastward shifts in the basin-wide spatial distribution of capelin Mallotus villosus (Gjøsaeter 1998) . These influxes also affect large-scale spatial distributions of juvenile cod Gadus morhua and their zooplankton prey (Helle & Pennington 1999) . Off Japan, the Tsugaru Warm Current seasonally influences circulation within Hidaka Bay, apparently generating an exceptional (southeasterly) coastal current that affects the distribution of juvenile walleye pollock along the coast from natal to nursery areas (Honda et al. 2004) . At smaller scales, currents impinging on abrupt topographies create flow fields that, in combination with animal behavior (e.g. directed swimming), can lead to local accumulation of zooplankton and zooplanktivores resulting in 'trophic focusing' (Genin 2004) . In the Gulf of Alaska (GOA), Cooney (1986) hypothesized that physical processes contribute to ecosystem productivity by facilitating local accumulations of zooplankton and zooplanktivores. This hypothesis has not been well tested, but is relevant to understanding the climate forcing of the GOA ecosystem.
In the GOA, the oceanography in Shelikof Strait and southwestward to the Shumagin Islands is well known from process-oriented studies of walleye pollock Theragra chalcogramma recruitment (Kendall et al. 1996) . Circulation is dominated by the Alaska Coastal Current (ACC), which is structured by freshwater input and driven along the coast by wind (Stabeno et al. 2004 ). The ACC exits Shelikof Strait and flows around Semidi Bank ( Fig. 1) ). Some flow continues over the northern part of Semidi Bank and along the Alaska Peninsula, but net current velocity is reduced (4 to 16 cm s -1 ). Most flow, however, is diverted southward at 20 to 30 cm s -1 over the Shelikof sea valley and along the eastern flank of Semidi Bank toward the slope. Offshore flow in the upper water column drives the estuarine circulation within Shelikof, drawing water at depth into the sea valley from the slope. Over the slope, the ACC water may join the Alaskan Stream, a southwestward current with peak speeds of 100 cm s -1 along the shelf -slope boundary ). Some ACC water may re-enter the shelf in the Shumagin sea valley.
Small neritic fishes are abundant members of the nekton in the Shelikof -Shumagin area. The abundance of young-of-the-year (Age-0) walleye pollock during late summer is at least partly explained by downstream movement of fish spawned in Shelikof Strait (Hinckley et al. 1991) . The juveniles feed primarily on krill (Euphausiacea) and copepods . Other prominent neritic fishes include capelin and eulachon Thaleichthys pacificus. These fishes are valued as abundant, energyrich prey species (Iverson et al. 2002) . Capelin consume krill and copepods and may compete with Age-0 walleye pollock . Much less is known about the marine habits of eulachon, which are anadromous (Willson et al. 2006 ).
The present study was conducted by the Ecosystems and Fisheries-Oceanography Coordinated Investigations (EcoFOCI) Program to examine possible responses of small neritic fishes within the nekton community to concentrations of zooplankton associated with physical environment heterogeneity. Response variables considered in the current paper are fish population density and body length. Fish diet analyses are presented separately (Wilson et al. 2009, this volume) . Sampling occurred in late summer (September 2000 (September , 2001 (September , 2003 , when increased ACC flow (Stabeno et al. 2004 ) and influx of Age-0 fish (e.g. coincide with declining zooplankton abundance (Coyle & Pinchuk 2003) , perhaps intensifying the hypothesized geographic associations. The focus was on consistent year-to-year meso-scale geographic vari- ation to lay the foundation for future investigation of mechanistic processes (e.g. localized upwelling) and temporal variability (e.g. year to year) as needed to understand ecosystem forcing mechanisms. Specific objectives were to (1) test for differences in zooplankton population density and fish population density and body length among areas of different physical condition to elucidate taxa whose geographic distribution persists year to year, (2) identify which fish (i.e. predator) taxa correlate geographically with which zooplankton (i.e. prey) taxa in terms of population density and (3) examine the geographic distributions of correlated taxa in relation to the physical environment to identify possible causal mechanisms.
MATERIALS AND METHODS
The study area was between Shelikof sea valley and the Shumagin Islands from near shore to the continental slope (Fig. 1) . A 48-site sampling grid was constructed, with sites allocated to avoid navigational hazards and to represent major bathymetric regions (<100, 100 to 200, and > 200 m water depth). Most sites were sampled once by day and again at night, usually within 24 h. No samples were collected during twilight. The NOAA ship 'Miller Freeman' was used to sample the upper 200 m of water.
Physical environment. Water temperature, salinity, and model-based estimates of net current velocity were used to characterize site physical environment. Temperature and salinity profiles were measured with a calibrated Sea-Bird Electronics 1 (SBE) 19 SeaCat profiler fished with the plankton net. Profiler accuracy was confirmed with a calibrated SBE 911 Plus CTD. Net current velocity at 40 m depth was estimated from the rigid-lid, semi-spectral, primitive equation model (SPEM) . Model output represents the major circulation features within the Shelikof sea valley and within a larger area , which approximates the present study area. Daily current vectors were generated at 4 km intervals for September and converted to polar coordinates. Velocity was averaged by spatial cell and year to estimate mean daily net current velocity. The SPEM domain did not extend into near-shore areas. Mean velocities were contoured using the inverse distance-weighted interpolation scheme in ArcMap (Ver. 8.2) (ESRI). Geographic distributions of temperature, salinity, and net current velocity were then used to visually divide the study area into 5 subareas, hereafter referred to as 'hydrographic' areas.
Zooplankton. A 1 m
2 Tucker trawl (0.333 mm mesh) equipped with calibrated General Oceanics flowmeters was used to collect zooplankton. The trawl was fished obliquely from 200 m depth or, if shallower, 10 m off the bottom, to the surface. The SeaCat profiler provided real-time net depth. Samples were preserved in 5% formalin and sorted at the Polish Plankton Sorting and Identification Center (Szczecin, Poland). Following Siefert & Incze (1991) , samples were sorted after removing debris and large organisms (e.g. shrimp and scyphozoans) and enumerating the individuals by taxonomic category. Large samples were subsampled using a Folsom plankton splitter.
Depth-integrated catch data were grouped into 15 broad taxonomic groups following Wilson et al. (1996) . Copepods were divided into small (< 2 mm prosome length [PL] ) and large copepods (≥ 2 mm PL). Euphausiid furciliae were distinguished from juvenile and adult euphausiids; hereafter, 'krill' refers only to juvenile and adult euphausiids. Population density (ind. m -3 ) was total catch standardized to 1 m 3 of water filtered.
Fishes. Fishes were collected using a Stauffer (also known as an anchovy trawl) midwater trawl (WyllieEcheverria et al. 1990 ), equipped with a 3 mm mesh codend liner. The trawl was fished with 1.5 × 2.1 m steel-V otter doors (566 kg each). It was deployed at 50 m min -1 , allowed to settle at 20 m (headrope depth) above the bottom, and then retrieved at 10 m min -1 . Net depth was monitored with a Furuno net sounder. Ship speed over ground was 2.5 to 3.0 knots.
The catch was sorted, enumerated, and weighed at sea. Following , Age-0 walleye pollock were distinguished from older age groups (Age-1+) by a distinct difference in body length. Age-0 walleye pollock Theragra chalcogramma, capelin Mallotus villosus, and eulachon Thaleichthys pacificus were measured to the nearest 1 mm standard length (SL). Age-1+ walleye pollock were measured to the nearest 1 cm fork length, which was converted to SL following Buchheister & Wilson (2005) . No more than 100 fish per group were measured per tow.
Catch numbers and weights were standardized by volume filtered (ind. m -3 ). Volume filtered was estimated from mean trawl mouth area and ship travel distance between trawl door deployment and recovery. For each tow, elliptical mouth area (m 2 ) was predicted at 1 m intervals of wire out from surface to maximum wire out (R 2 = 0.98, N = 697), such that:
Mouth area = 95.183{1 -e [-0.011(x + 83.207 
where x is wire out. Net-mouth dimension (vertical and horizontal opening) data were collected using a Scanmar 1 net mensuration system. Data analysis. Analysis of variance (ANOVA) tests were used to examine hydrographic area, diel, and year effects on zooplankton and fish geographic distributions. The dependent variables were population density of zooplankton and fish, and fish length. A separate test was conducted for each taxon. The ANOVA model was:
where Y ikady is the dependent variable (i.e. zooplankton density, fish density, or fish length) from the i th sample collected at the kth collection site in the ath hydrographic area during the dth diel period in the y th year and e ikady is the random error. Area, diel, and year were fixed effects. Site was nested within area, and the nested term was included as a random effect. Following Milliken & Johnson (1996) , the model was reduced by sequentially dropping nonsignificant (p > 0.05) terms beginning with the 3-way interaction, then 2-way interactions, and finally any main effects not included in any retained interaction term(s). Zooplankton and fish population densities were fourth-root transformed to make the residual error structure normal. One statistical cell was empty due to no zooplankton sampling at slope stations during night 2003. The cell was filled using day/night ratio estimators (Cochran 1977 ; N = 111 pairs) applied to density estimates from 3 slope sites occupied during the day in 2003. Fish length was averaged by sample and weighted by population density. Few fish were collected over the slope so it was not included as an area-effect level in the tests of fish length. For Age-0 walleye pollock, mean length was adjusted to the overall median survey date (12 September) using a growth rate of 0.89 mm d -1 (Bailey et al. 1996) ; this adjustment did not substantially alter test conclusions. Two infrequently occupied sites near Chirikof Island were omitted from the analysis; these were shallower than adjacent sites and outside the SPEM domain. Tests were conducted using the SAS System for Windows (Release 8.02).
RESULTS
Overall, 230 plankton tows and 235 trawl hauls were successfully conducted (Table 1 ). There was insufficient time to sample all sites each year. Fewer samples were collected at night compared to during the day, due to the relatively short nights.
Physical environment
Across-shelf gradients in salinity and temperature were consistent from year to year (Fig. 2 ). Salinity at 40 m depth ranged from 29.9 to 32.7 psu. Mean salinity decreased from 2000 (31.9 psu) to 2001 (31.7 psu) to 2003 (31.4 psu), driven primarily by decreases in nearshore salinity, an ACC indicator ). Salinity profiles from the Shumagin sea valley revealed an increase in near-bottom salinity indicative of oceanic influx at depth as noted by .
Water temperature at 40 m depth ranged from 6.5 to 12.2°C. Mean temperature increased from 2000 (8.6°C) to 2001 (9.6°C) to 2003 (10.3°C). Near-shore water was relatively warm. Based on the relatively fresh, warm water over the inner shelf, the study area was divided into inner-and outer-shelf areas (Fig. 2) .
Geographic variability in net current velocity was consistent from year to year (Fig. 2) . Over the shelf, velocities were usually ≤10 cm s -1 , averaging 5.0 cm s -1 in 2000, 9.3 cm s -1 in 2001, and 6.2 cm s -1 in 2003, with relatively high values northeast in proximity to the Shelikof sea valley. Higher velocities over the slope were ascribed to the Alaskan Stream. Overall, the predominant direction of flow was southwestward. Based on the relatively high velocities over the slope and intermediate velocities northeast, the study area was divided into southwestshelf, northeast-shelf, and slope sub-areas. Superimposing the thermo-salinity and velocity-based subdivisions gave 5 hydrographic areas used to characterize interannually persistent, meso-scale geographic variation in the physical environment. Hereafter, each area is referred to by its relative geographic position: NEin, NEmid, SWin, SWmid, and Slope (see Fig. 4 ).
Zooplankton
Overall, 12 groups of holoplankton and 3 groups of meroplankton were collected in 230 samples ( Holoplanktonic crustaceans dominated the collection due to the prevalence of copepods and euphausiids. Meroplankton was represented by larval fishes, shrimps, and crabs. Three gelatinous-zooplankton taxa (cnidaria, ctenophora, siphonophora) were not considered further due to insufficient evidence of dietary importance to pollock Theragra chalcogramma, capelin Mallotus villosus, and eulachon Thaleichthys pacificus.
Only crab larvae, fish larvae, and krill population densities varied consistently among geographic areas. The 5-level, hydrographic area effect was significant (p < 0.05) for each group, and interaction with other effects was not significant (p > 0.05) ( Table 3 ). The significant diel effect on fish larvae and krill population density was due to higher nighttime catches.
Population densities of crab larvae and fish larvae were highest in the relatively fresh, warm near-shore areas (Fig. 3) . Larval crab populations were densest in the relatively low-flow SWin area, whereas larval fishes were densest in both low-flow and high-flow (NEin) areas. For larval crabs, the significant year effect was due to high population densities during the lowflow year 2000 and was low during the high-flow year 2001.
Population density of krill was highest in the NEmid area and lowest in the SWin (Fig. 3) . Mean density within the SWmid area was intermediate, but the relatively high densities encountered near the 100 m isobath along the eastern edge of the Shumagin sea valley were indicative of finer scale geographic variability (Fig. 4) . The significant year effect was due to high krill densities during the high-flow year 2001. Most krill identified to species (i.e. excluding unidentified individuals) in each area during 2001 were Thysanoessa inermis, whereas T. spinifera were proportionally more common in other years.
Fishes
Overall, 25 families of fishes were identified in 235 trawl catches (Table 4) . The most frequently occurring nektonic species were walleye pollock, capelin, and eulachon. Combined, these 3 species made up 93% by abundance (ind. m -3 sample ) of all nektonic fishes collected (excluding the many small, presumably larval stichaeids and teleosts). These 3 species were encountered mostly in samples collected over the shelf as opposed to over the slope; consequently, subsequent results pertain to their distribution over the shelf. Walleye pollock
Walleye pollock ranged in length from 38 to 677 mm SL, with a multimodal size frequency distribution (Fig. 5) . The distinct break in size at 120 to 130 mm SL separated young-of-the-year (Age-0) and older (Age-1+) pollock, and enabled separation of age groups in subsequent analyses.
The geographic distribution of Age-0 walleye pollock was broader and more variable from year to year than that of Age-1+ individuals. Both groups tended to concentrate in the NEin area (Fig. 6 ), but the area-year interaction was significant in both ANOVA tests (Table 5 ). For Age-0 fish, high mean population densities were encountered during the low-flow year in the SWmid area; for Age-1+ fish, low densities were observed in all areas during 2003 (Fig. 6) . For both groups, sampling at night produced higher population density estimates than sampling during the day.
Mean length of Age-0 and Age-1+ walleye pollock tended to increase shoreward. Mean length for Age-0 fish was highest northeast; for Age-1+ fish, mean length was highest in the SWin area (Fig. 7) . However, ANOVA test results (Table 5 ) indicated significant 3-way interaction among year, diel, and area effects on Age-0 mean length, and no significant area effect on Age-1+ length means, which increased from 2000 to 2003.
Capelin
Capelin (57 to 128 mm SL; Fig. 5 ) were variably distributed over the shelf, but high concentrations were encountered at night in the relatively fresh, warm, low-flow, SWin area (Fig. 6) . Consequently, the area effect was significant only among nighttime collections (Table 5 ). On average, capelin collected at night were small relative to those collected during the day, hence, the significant diel effect (Table 5) . Geographically, 229 Table 3 . Significance (p-values) of terms retained in reduced models from analysis of variance of year, diel, and area effects on the population density (ind. m -3 ) of each of 12 zooplankton groups (see Table 2 ) of krill, crab larvae, and fish larvae collected during day and night in 5 geographic areas (see Fig. 4 
) in the western
Gulf of Alaska during September 2000 September , 2001 September , and 2003 capelin in the SWin area tended to be relatively small (Fig. 7) , but the area-year interaction was significant (Table 5) .
Eulachon
Eulachon (58 to 205 mm SL) exhibited a multi-modal frequency distribution (Fig. 5) , but size-specific analysis was not supported by clear separation of age groups. Each year, eulachon were concentrated northeast, especially in the NEin area (Fig. 6) . Population density increased from 2000 to 2003, and was highest at night, but these effects did not interact with the significant area effect (Table 5) . As for capelin, eulachon in the SWin area were, on average, smaller than eulachon collected elsewhere (Fig. 7) ; the area effect was significant (Table 5) .
Fish-zooplankton correlation
Each year, population densities of Age-1+ walleye pollock and eulachon increased with krill density Other fish-zooplankton correlations involved large copepods and chaetognaths, but only in 3 diel-year combinations. Possible avoidance of larvaceans by eulachon and capelin was suggested by the negative correlation (r ≤ -0.45, p < 0.005) in population densities. Larvaceans, a gelatinous zooplankter, were the only potential prey group for which the density was inversely related to fish density. Population densities of krill and Age-1+ pollock or eulachon were associated with geographic variation in net current velocity estimates (Fig. 8) . Each year, relatively high fish population densities were located over the shelf, where mean daily velocity exceeded 5 cm s -1 and where krill were concentrated. Fish-krill aggregations were widespread in the Shelikof sea valley vicinity. Eulachon were especially concentrated along the western, near-shore margin of the Shelikof sea valley.
DISCUSSION
Meso-scale geographic patterns in the physical environment were consistent with previous observations ) and were associated with zooplankton and fish distributions. Near shore, the water was relatively warm, fresh, and contained high densities of crab and fish larvae (Figs. 2 & 3) . Warm water may benefit larvae by promoting rapid growth, which would accelerate the recruitment process. The concentration of larvae near shore could reflect enhanced retention, adult spawning strategy, or reduced mortality. Certainly, crab larvae are well known for vertically migrating between depth layers of different current directions to enhance retention near shore (Shanks 1995 , Queiroga et al. 2006 . The low salinity observed near shore, indicative of the ACC , might help form the requisite vertically stratified flow field. However, unprotected exposure to the ACC could adversely affect retention. The SWin area, where crab larvae were densest, was relatively well protected from along-shore flow by Sutwik Island and Semidi Bank. Furthermore, larval crab density was high during the relatively low-flow year 2000. For fish larvae, most of which were osmerids (Lanksbury et al. 2005) , adult spawning location likely promoted the relatively high, near-shore population densities. Although not identified to species, the only post-larval osmerids collected in the study area were capelin Mallotus villosus and eulachon Thaleichthys pacificus. Capelin spawn near shore (Pahlke 1985) , and eulachon are anadromous (Hay & McCarter 2000) and are known to spawn in rivers emptying into the study area (Willson et al. 2006 ). The concentration of fish larvae near shore is therefore consistent with 231 the preponderance of osmerid larvae in the collections and the coastal spawning habits of capelin and eulachon. Thus, species-specific retention mechanisms can explain the high density of crab and fish larvae near shore. Successful retention, however, also appears to depend on reduced near-shore flow. Geographic distributions of mean length suggest that capelin and eulachon differ from walleye pollock Theragra chalcogramma in their utilization of near-shore areas. For capelin and eulachon, mean length distributions were consistent with size-related movements away from a near-shore nursery (SWin; Fig. 7) . In contrast, Age-0 and Age-1+ walleye pollock mean lengths were consistent with size-related movement into near-shore areas; however, distinguishing this from differences in site-specific growth or size-selective mortality is difficult. Age-0 walleye pollock consume crab larvae , which are an energyrich prey (Mazur et al. 2007) , and Age-1+ walleye pollock consume small fishes (Yang et al. 2006) . It is unclear whether predation threats contribute to the movement of capelin and eulachon from near-shore nurseries. Table 5 ). Note that density estimates have been multiplied by 10 6 Over the shelf, Age-1+ walleye pollock and eulachon aggregated with krill in relatively high-flow areas associated with sea valleys (Fig. 8) . Fish-zooplankton aggregations are often associated with bathymetric features and result from interaction between animal behavior and ocean currents (Genin 2004) . Wilson et al. (2009) showed that Age-1+ walleye pollock and eulachon fed primarily on krill. In the Shelikof sea valley, krill may be concentrated by up-slope flow as ACC water moves over the western margin (Koslow & Ota 1981 , Napp et al. 1996 . Concentrations of krill in Nitinat Canyon (British Columbia, Canada) were attributed by Mackas et al. (1997) to active swimming against up-slope flow to maintain position at preferred isolumes. A similar mechanism may operate in the Shumagin sea valley (Fig. 4) , but the process may depend more on tidal forcing (e.g. Cotté & Simard 2005 ) than on net current velocity, which was low relative to the Shelikof sea valley (Fig. 2) .
Krill inputs to the Shelikof -Shumagin area may depend on along-shelf flux and influxes of slope water. The main krill species collected within the study area, Thysaneossa inermis, also occurs upstream in the northern GOA, where late-summer maximum densities (ca. 0.3 ind. m -3 ) occur over the inner shelf (Coyle & Pinchuk 2005) . The inner shelf is flushed by the ACC (Weingartner et al. 2005) . Typical near-surface velocities of the ACC during late summer are high (Stabeno et al. 2004) relative to krill routine swimming speed, which was estimated to be 1 to 3.5 cm s -1 for adult T. inermis (De Robertis et al. 2003) . Furthermore, atdepth influxes of oceanic water (Stabeno et al. 2004) may transport krill from the slope onto the shelf. It is significant that during 2001, when net current velocity was high, strong recruitment of small krill was observed in the study area (Wilson et al. 2009 ). Small krill are especially susceptible to advection in near-surface flow (Lu et al. 2003) . Thus, while the distribution of krill within the study area adhered to a fixed geographic template, which apparently was exploited by Age-1+ walleye pollock and eulachon, the process of krill inputs appears to vary with ACC flow.
In contrast to Age-1+ walleye pollock and eulachon, the geographic distributions of Age-0 walleye pollock and capelin densities varied from year-to-year (Fig. 6) . The relatively small size of these fishes (Fig. 7) may translate into greater susceptibility to net transport. For Age-0 walleye pollock, this was suggested by upstream-related increases in mean body size; however, admittedly, thermal effects on growth rate could not be excluded. Another consideration is that Age-0 walleye pollock and capelin may be constrained by size from full access to the krill resource. For both species, consumption of krill increased with predator length (Wilson et al. 2009 ). Predator length is a proxy for mouth gape width (Brodeur 1998) . These fishes, especially the smallest individuals, consumed smaller prey including copepods, which were more evenly distributed than krill throughout the study area and whose ubiquitous availability may have reduced predator impetus to search for krill. With growth, these fishes may increasingly exploit krill in high-flow areas due to enhanced swimming abilities and changed dietary preferences.
Beyond the shelf, the paucity of walleye pollock, capelin, and eulachon may reflect behavioral avoidance of or inability to accumulate in the relatively cool, swift-flowing Alaskan Stream (Figs. 2 & 6 ). For Age-0 pollock, water temperature over the slope was furthest from their 10 to 13°C thermal optimum (Ciannelli et al. 1998) . Furthermore, the cruise speeds of 1 to 2 body length s -1 for Age-0 walleye pollock (Ryer et al. 2002) are not sufficient to maintain position in the typical 30 to 40 cm s -1 flow of the Alaskan Stream. Little is known about the thermal preferences and swimming abilities of older walleye pollock, capelin, and eulachon; however, given the observed body lengths, individuals would have to be properly oriented and cruise at speeds considerably higher than 1 body length s -1 to maintain position in the Alaskan Stream.
Using 1 gear type to accurately assess the density of the entire zooplankton community is difficult due to variability in animal body size, swimming ability, vertical migration behavior, and degree of damage within nets. Miller et al. (1984) demonstrated that 333 µm mesh does not retain early copepodite stages of Neocalanus plumchrus, with maximum cephalothorax widths of < 344 µm. In fact, EcoFOCI's routine zooplankton collections enumerate all of the small copepods from 153 µm, not 333 µm, mesh nets (Incze et al. 1997) . The strong swimming ability and diel vertical migration of krill may have also resulted in underestimates of population density due to net avoidance or movement during the day to below the sample depth (Shaw & Robinson 1998) . In the present study, the overall mean population density of krill from samples collected during the day (0.2 m -3 ) was considerably less than the estimate from night sampling (1.2 m -3 ), which was within the range of other estimates from north temperate regions as reviewed by Siegel (2000) . Such sampling biases can distinctly affect apparent distribution patterns of population density. However, for krill, lack of significant interaction between the diel and area effects suggests that any diel-related sampling bias did not alter the observed distribution of krill population density.
Computation of fish population density did not account for local current direction, because flow through the trawl was not measured. Towing the trawl into the current between fixed geographic points would, for example, filter more water than if towed with the current. Concentration of Age-1+ walleye pollock and eulachon in high-flow areas might therefore reflect a systematic bias in relative tow direction. However, tow direction was usually oriented into the wind (calm seas were exceptional), which was similarly directed for days on end. Water flow, in contrast, flows over the western GOA shelf with much directional variability due to eddies, tides, topographic effects, and vertical sheer (Stabeno et al. 2004) . Furthermore, no other trawl-caught animals, including the ubiquitously distributed large scyphozoans (unpubl. data), were concentrated in high-flow areas. Thus, while tow direction relative to current direction is an important sampling consideration, it seems unlikely that the observed concentrations of fish in high-flow shelf areas reflect a systematic bias in relative tow direction.
In conclusion, the western GOA neritic environment was geographically structured by salinity, temperature, and net current velocity. Near shore, concentrations of crab and fish larvae presumably reflect effective, species-specific retention mechanisms that counter dispersion by coastal currents. The shoreward increase in walleye pollock mean length suggests some benefit from the concentrations of prey (crab larvae and small fishes) and warm water near shore, but this was not associated with increased population density. In contrast, over the shelf, walleye pollock (Age-1+) and eulachon were aggregated with krill in relatively high-flow areas associated with sea valleys. Consistency in year-to-year location of these aggregations suggests an important bathymetric effect on aggregation formation. While this supports Cooney's (1986) hypothesis that the physical environment (bathymetry, ocean currents) plays an important role in facilitating local accumulations of zooplankton and zooplanktivores in the GOA, the underlying mechanism and its resilience to climate variability is unknown. Age-0 walleye pollock and capelin were not similarly aggregated due perhaps to less well-developed swim abilities and different dietary preferences. Over the slope, the relatively cold temperature and rapid flow of Alaskan Stream water may act as a barrier to offshore dispersal of walleye pollock, capelin, and eulachon. While these results provide some resolution of physical-biological processes in the GOA coastal ecosystem, more work is needed to identify specific small-scale processes and to further investigate the apparent resilience of the observed geographic structure to interannual variation in the physical environment. 
